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Comparative Effectiveness of Armor-Defeatins Ammunition @ ;

Wi
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There are, at present, two major types of armor-defeating ammunition;

projectiles which depend upon their own kinetic energy to pierce or punch

a hole through armor, and explosive-loaded shell which, upon impact and

detonation against armor, generate the energy required for -.he defeat

of the target.

The kinetic energy pronjectiles consist of more or less massive,
cylindricel, ogival-nosed inert shot made of hardened steel or tungeten
carblde compacts designed to have sufficient strength to remain eubd-
stantially intact during the penetration cycle. The armor penetration
characterietics of such projectiles depend largely upon their mass
and velocity, consequently best armor penetration performance results
when they are fired from high velocity gune. Kinetic energy nrojectiles
may be further subdivided into a number of types; monobloc (AP) and
capped (APC) steel shot, also composite-rigid (HVAP) and discarding
sabot (HVAPDS) tungsten carbide cored shot. Monobloc steel shot are
the most simple in design and least expeneive of all types, consisting
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of a 80l1id steel body to whose nose a windshield, made of a thin steel >

etanping, may be attached to improve its exterior ballistic performance. ‘2

The steel bodies of AP and APC shot are made of alloy steel differentially t*

heat treated so that the nose sectione have maximum strergth and hardness, ;3

with the hardnese gradually decreasing towards the bases to provide tough b

fracture-resistant body sectione. The APC gshot differ from the AP shot "

only in the posseseion of a steel cap placed over the nose of the shot o

for the purpose of cushioning the forces on the nose of the shot result- §I

ing upon impact against armor. The cap thus assists in keeping tne ~?

point of the projectile intact. '
¥

HVAP shot contain sub-caliber sized tungsten carbide cores fixed i;

within light-weight metallic carriers of gun bore diameter. The carrier N

accompanies the ccre to the target, at which point the core breaks &:

out of the carrier %o effect the penetration. By virtue of its high N

density and high strength, tungsten carbide is a more effective pene- 5:
trator than steel. In addition, because of the combination of a light- i

weight carrier and a sub-caliber core, the HVAP shot weighs less than by

a full caliber steel shot and thus achieves a higher muzzle velocity r}

when fired from the same gun. Since the energy required to effect Ry

penetration is approximately proportional to tho volume of the hole pro- ‘Y

duced in the armor, the greater armor panetration performance of the >

HVAP projectile is, under ideal conditions, obvious. E:
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Because of the lighter weight and consequent lower sectionsl
density of the HVAP shot, this type of projectile has poorer range-
velocity characteristics than steel shot. Although it may have a
muzgle velocity initially 500 to 700 ft/sec higher than an AP shot,
the HVAP shot will have dissipated most of this advantage within 2000
yards'! range. In order to overcome this deficiency, the HVAPDS shot
was developed. The tungsten carbide core is carried within a thin
steel sheath and supported, during firing, in a metallic or plastic
carrier which is discarded shortly after the projectile emerges from
the muzzle of the gun. The sub-projectile of high sectional density
proceeds to the target unencumbered by any useless mass.

The explosive loaded or chemical energy armor-defeating ammunition
consist of the high explosive plastic (HBP) shell and the hollow charge
(HEAT) shell. The HEP round has a thin, hemispherical, deformable ogive
and a base detonating fuze. Upon impact, the forward portion of the
shell collapses against the target and, upon detonation, a compressive
shnck wave parrallel to the plate surfaces travels through the armor, is
reflected as tensile waves, and produces a fracture parrallel to the
plate surfaces. A disc, having a thickness of approximately 25~30$
of the plate thickness, is detached from the back of the armor at veloci-
ties of 500.1000 ft/sec and, within the narrow confines of the interior
of a tank, may prcduce considerable damage. The HEP shell rarely perforates
armor in the true sense of the word, unless the armor is quite brittle,
but inflicts damage by a combination of disc formation and shock. The
force of the detonation of HEP shell may produce considerable damage
of a secondary nature turough disruption of tank treads, detachment of
fittings, etc.

The hollow charge round produces a high velocity jet of discretes
particles which perfcrate armor by forcing aside the plate material which
is in the path of the jet. The metal surrounding the hole is compreseed
by this action. The HEAT ammunition is too well known b; this audience
to Justify any further discussion of its functioning.

»
1
o

I wiil first describe the armer penetration performance of kinetic ié

energy and chemical energy projecti ss against simple targets and then e

" discuss their performance against mc:> complex targets. -
S

Performance of Kinetic Zrnergy Projectiles X p:

Against Simple Armo: Targets o

>}

I shall not attempt to present any ecuations to deseribe ths armor
penetration performance of kinetic energy y:oiectiles; firstly because
all equations which have been proposed in th- rast are found to apply,

T

-

with a good degree of accuracy, to only a lim:ted range of target conditions, B
and secondly, because a large mumber of geomei:ical, metallurgical, and o
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A s IR .-" -~ f?r i -"P.; s

, A, 2 p “‘\: f":‘,hgﬂ. .-E-

¥
¢/ 3."?‘

*a'2¢’ s’

/ CONFIDENFIAL -

Dt R
[)

ECRET SECURT

."!
M -




e e me i me  ms e R me L - s - - @ EY W T Yo W LR WL LT WM WM AT W

)f)//»,///

/////// /// / ,f///-,,// G e s
Y

mechanical property veriables existing bdoth in present service projectile
and armor exert a profound influence upon the mechanisms of arisor
penetration and projectile reaction.®* Variables such as plate hardness
may be introduced into penetration formulae, but factors such as variations
in projectile nose shape, microstructure, toughness, and soundness of

the projectile and armor steels cannot be readily reduced to mathematical
terms.
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An important consideration in the penetration of armor by kinetic
energy projectiles is the ratio of armor thickness to projectile
diameter (the e/d ratio) since the mechanisms of armor penetration and

IR,

projectile behavior vary with the e/d ratio. When the e/d ratio is g
greater than 1 (armor overmatches the projectile), the penetration vy
tends to be effected by a ductile pushing-aside mechanism. Relatively :
sharp nosed shot are most effective, and the resistance of the armor N
generally increases as its hardness increases. When the e/d ratio ia o
less than 1 (armor undermatches the projectile), the penetration tends e
to be effected b the purcaing or shearing out of a plug of armor in @i
front of the shot. Relatively blunt nosed shot are most effective under G

this condition of attack, and the resistance of the armor generally
increases as its hardness decreases.

Data on the comparative armor penetration performance of kinetic
energy projectiles of the AP, APC, and HVAP types are included in Table I.
This table compares the penetration performance of the 90MM AP T33,
the 9OMM APC T50, and the 9OMM HVAP M304 shot when fired at cast and

‘;'j ‘_.‘-".",‘.?r:r"‘ﬂ’f-.:.l i l'-

rolled homogeneous and faceshardened armor from 3" to 7.6" in thickness &z
at obliquities of }0 to 70 . The comparative performance of these g
kinetic energy projectiles against solid armor targets may be summarized Sﬁ
as follows: oe

a. Monobloc steel shot are more effective than capped steel shot [f
for the defeat of undermatching armor at all obliquities of attack and ' NG
are more effective than both APC and HVAP shot for the defeat of moderately '
overmatching armor (up to at least l*l/h calibers thick) at all obliqui— e
ties of attack above aporoximately 45°, w2

b. Capped sveel shot are superior to monobloc steel shot for the defeat
of greatly overmatching armor6 (over 1.1/4 calibers in thickness) at obliqui-
ties in the range of 20° - 45, but both capped and monobloc shot are greatly

7 7

af4e’s
y e

inferior to EVAP shot in the low obliquity range against heavy armor targets. :;:
| . g

L Thi. is not to 1mp1y that the factorc vhicq 1nf1uence penetration are L,
unknown, that the performance of kinetic energy projectiles is very e
variable, or that penetration data are either scanty or unreliable. As e

'
by

a matter of fact, it is because penetration dats are 8o reliable and
80 extensive that we are not satisfied with oquationn that yield only

spproxinately correct estimates. O o [:
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3 ' c. HVAP and HVAPDS shot are most effective agzinst heavy armor ié"";ﬁf n s
targets at low snd moderate obliquities of attack (the 9OMM tungsten 0 e

caribde cored shot can penetrate 10 to 12 inches at 0° obliquity and
at shor. ranges) but their effectivenegs is markedly degraded at
obliquities above approximately 45°-50°,
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The preceding statements regarding the comparative performance
of AP and APC shot are well illustrated by Figures 1 and 2. Figure 1
represents data obtained from terminal ballistic tests conducted at the
Watertown Arsenal Laboratory in which caliber 40" secale models of the

S

9OMM AP T33 and JOMM APC T50 shot were fired at plates from 1/2 to i
2 calibers in thickness and at obliquities from O to 70 inclusive. i
The curves on Figure 1 represent equal resistance curves; i.e. all plate a0
thicknesses and obliquitics whose c¢sordinates fall on the line designated i

3000 have ballistic limits of 3000 f/s. The lines furthermore represent %g

the minimum ballistic limit for the target conditions, whether the
minimum ballistic limit was obtained with AP or APC projectiles. The
dashed line represents the boundary between target conditions whero the
AP shot was superior and where the APC shot was superior. It will be
noted that the areas of superiority of the AP over the APC shot and
vice versa are in accord with the previous conclusions.

Ry
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The data plotted in Figure 1 represent very precisely determined
ballistic limits obtalned over a wide range of target conditions. BSimilar
data in full scale would involve the expenditure o’ several million
dollars, hundreds of tons of steel armor and thousands of rounds of
90MM armor-plercing projectiles.
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Figure 2 represents a similar treatment of data cbtained in full ﬁ:{

scale tests conducted at Aberdeen Proving Ground. These data are ﬁ%

necessarily more limited in scope than those used tn obtain the curves 2
shown in Figure 1 and hence the boundary conditions of Figure 2 are ’

considerably less reliable than those shovn in Figvure 1. The same general Y

type of curve results, however. o

e ]
P

A useful way of presenting penetraticn data on kinetic energy pro-

Jectiles is by means of vulnerability diagrams of the type shown in gé
Pigure 3. A roughly eliiptical area existe for sach gun-projectile-armor e
combination within which penetration of tha armor can be effected and e
beyond which th~ armor is invulneravle to the particular attack. The :ﬁi
gun must enter into this consideration sirnce 1t influences the velocity i
and hence the kiretvic energy of the shot at all ranges. i;
e
P.gures 4 and 5 show the use of vuinerability diagrams to illustrate H
the comparative performance of AP and APC projectiles against various Eg
thicknesses of armor sloped at different obliquities. It will be ncted k}:
that, for a fixed weight of armor per unit vertical height, thinner plates RS
'i‘ L]
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sloped at higner obitquities (at ﬁ‘i;ggil) provide progressivsl

more protection against APC shot. Against AP shot, however, a given
veight of armor sloped at 37° obliquity provided considerably more pro-
tection than the same weight of armor in the form of a thinner plate
sloped at 53 obliquity. A comparison between the righthand cu-ves of
Figures 4 and 5 illustrates the improved effectiveness of AP gbu¢ in
attacking highly sloped armor targets.
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Figure 6 illustrates the weights of steel armor required to protect
against kinevic energy projectiles at ranges ¢f 1000, 2000, and 3000
yarde a8 [unctions of the obliquity of disposition of the armor and
the caliber and type of armor-piercing projectile. Note the steep Aown-
wvard slope indicating the marked degradatinn in performance of HVAP
projectiles with increasing obliquity of atcack. It is also apparent
that protection against APC shot increases constantly as the obliquity
1ncreases, whereas armor is most effective against AP ghot at about
30 obliquity, then becomes progressively more vulnerable with increasing
obliquity above 30
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Early in World War II, kinetic energy projectiles were fired from

guns with muzzle velocities of 2000-2700 ft/sec. By the end of World

- War II, steel shot were being fired at velocities up to 3200 f/s and
preseat guns are being built to fire 80lid steel shot at velocities wup
to 3500 f/s and HVAP and HVAPDS shot at velocities of 4000-4500 f/s.
Coupled with these high velocities are good stability, high accuracy,
and high rate ot fire. These factors combine to yield a high prodability
of registering a damaging hit with kinetic energy shot. It is firmly
believed that kinetic energy shot will, at least in the foreseeable
future, play an important role in tank and anti-tank warfare.
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Performance of Chemical Energy Projectiles
Azainst Simple Armor Targets

v,

T
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The available data on the armor..defeating performance of high

explosive plastic (HEP) shell indicates that this round can cause the qﬁ
scabbing or spalling of armor up to 1.3 calibers in thickness over a %@

-
%,
L g

R

wide range of obiiqiities. Unlike kinetic energy armor-piercing pro-
Jectiles, the porformance of HEP shell is not great%y 1nflgoncod vy
obliquity of attack at least within the range .f 30 to 60 ; *he mame

thickness of armor can be defeated over this whole range of ob'iquities. }
As a matver of fact, the performance of EEP shell is worse in the range )
of O te 30 obliquity than at higher obliquities due primarily to the 5j-
fact that the explusive charge is not spread over the face of the armor Q{
as effectively at very low obliquities as 1t is at higher obliquities.
The HEP shell 18 aiso dsgraded av obliquities of a&tack above approximately by

60°.
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HEP shell perform satisfactorily at striking velocities up to
approximately 2500 f/s9 but at higher impact velocities this shell is

&4

At

relatively ineffective because of shock detonation of the explosive vhich @x
initiates at the nose of the shell at these high velocities. To per- s
form satisfactorily, detonation must be initiated at the base of the s
shell to permit the generation and travel of a shock wave from the }$
explosive to the target. (4 ?ﬁ

It has been determined that brittle steel armor and unsound . Iﬁ
-gteel containing laminations or segregations of inolusions are more &3
readily defeated by HEP shell than are tough, #ound steels. .There is ne
reason to believe that HEP shell become increasingly effective in cold g@
climates since the toughness of steel armor dsoreases with deoreasing o
temperature, particularly if the steel is insuffioiently allodyed ‘or Eﬁ
poorly heat treated. ' w 0 : i

In view of the lower valooity of HEP shell as compared to kinetio o
energy projectiles, errors in range estimation assume more serious E:

proportions than in the case of kinetic energy shot. The probabdility
of hitting the target, particularly at longer ranges, is thus lower
with HEP shell then with kinetic energy shot.

Chemical energy armor-defeating ammunition do, however, havs one
very great advantage over kinetic energy projeotiles. Since they
generate their destructive energy upon impact against ths target,
chemical energy shell inflict as much damege when hitting frog,lons
ranges as from short ranges, vhereas kinetic energy projéctiles bdecdme
less and less effective as the range from which they are fired increases.
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The jet generated by the hollow charge (HEAT) shell continuea in
a relatively straight line along the line of flight of the shell, con-
sequently the armor penetration performance of this type of ammunition
closely follows the cosine law. The penetration periarmance of kinetic
engrgy projectiles follows the oosins law fairly well up to approximatsly
30~ obliquity, but at higher obliquities the deviation is very oonsiderabdle
and is markedly influenced by the geometrical and metallurgical.design EE
o

- ——
i)
.«

Pl
’:—";:‘

-

of the shot. Since the HEAT shell does follow the cosine lav, a round
which can penetrate 12" thick plate at normal obliquity can defeat 6 thick
plate inclined at 60° obliquity, Tor' oomparison, the 9OMN HVAP N304 shot
can defeat 12" thick plate at 0  obliquity at ranges upotb approximatsly ME
1300 yards, but cannot defsat even 4 thick plate at 60" obliquity vhen o3
fired at point blank range. ' r

The presently available data on the armor penetratiqn pertormancs =
of HREAT shell indicate that the thicknsss of armor which can be penetrated

- §  UNFIDENTIAL
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90% of the time is approximately 4 times the ingide diameter of the cone. ~ =
This behavior holds over a wide range of obliquities vp to possibly 70 ‘j:;
Thus a 9OMM HEAT shell having a cone diameter of approximately 3" should :?;jﬁ
be able to penetrate about (12" of armor. The data contained in Table I1 ;:33?
shows that the 9OMM HEAT T108E15 shell can defeat 5" armor at 60° obliquity fy
and 4" armor at 68 obliquity. }:l}:
Po-EVY

In the case of defeat of armor hy kinetic energy and caemical energy
HEP shell, more or less massive pleces of metal flying at considerable
velocities become available to inflict damage behind the armor. In the
case of HEAT shell, however, only a thin beam of tiny, incandescent psrticles
emerges behind the armor. Personnel or ecuipment directly in the peth of
the jet will become casualties, but the damage may not necessarily be
serious. In order, therefore, to insure that the emerging jet will possess
a significant degree of lethality, it has recently been agreed that the
jet must have a residual penetrating ability of 2" of armor after defeat
of the main armor to be considered effectively lethal.

It was found early in World War II that spin stabiliged HEAT shell
fired from rifled guns suffered a 30 to 50$ loss in penetration performance
as compared to non-rotating shell, The centrifugal force of spin is
sufficient to cause the jet to cone out and dissipate much of its energy.
This factor led to the intensive development of fin-.stabilized non-rotated
HEAT shell. The depth of penetration of 4 times the cone diameter appliel
only to non-rotated shell.

The depth of penetration by HEAT shell is inversely proportional vo
the square root of the density of the material under attack, therefore
the thickness of material required to defeat the atiack is also proportional o
to the square root of its density. Since the weight of material varies i 25

directiy as 1ts demsity, the weight of material required to defeat HEAT ! |
shell varies directly as the square root of its density. Low density NS
materials are thus more resistant, on a weight basis, than are high density }}}:l
materials. Thus aluminum and magnesium will offer better resistance to ﬁ(iaﬁ
HEAT attack than will the same weight of steel armor. As commercially N
available at the present time, however, aluminum snd magnesium alloys in ﬁﬁfxi
section thickresses comparable to 2" and more of steel are significantly )

inferior to steel armor in resistance to attack by kinetic energy projectiles.
Glass has been found t¢ Le more resistant to penetration by HEAT ammuni-

tion than would be predicted by the density law and is in fact, one of

the best materials for this purpouse.
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* The results of recent dynamic firing tests indicate that penetrations IR
may be as low as 2.8 cone diameters. while static firing tests with some N

types of HEAT ammunition have yielded penetravions as high as 6 cone diameters. ol
ny e
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In their present stage of development fin-stabilized HEAT shell
do not match the accuracy of kinetic energy prcjsctiles, and this, coupled
with their lower velocities, results in lower hit probabilities than
are possible with kinetic energy projectiles. The higher velocity and
greater accuracy of kinetic energy projectiles make them considerably
more accurate than all present types of chemical energy armor-defeating
ammuni tion.

Performance of Kinetic lnergszroJectilee
Ageinst Complex Armor Targets

Kinetic energy projectiles have been tested against sraced armor
targets consisting of relatively thin (approximately 1/2") plates placed
some distance in front of the more massive main armor. The function of
the skirting plate is not to extract a significant amount of energy
from the attacking projectile, but to so affect it by yawing, decapping,
oir fracturing the shot that its performance against the main armor is
degraded.

Results of firing various types of HTMM and 9OMM kinetic energy
projectile: against spaced armor targets are shown in Teble III. These
tests were conducted at Aberdeen Prcving Ground under the technical
supervisic. of the Watertown Arsenal. Photographs of the projectiles
were also teken as they emerged behind the skirting plate in order to
otserve thc effect of the skirting plate on the projectiles. -

It was found that 5TMM AP and APC shot were not fractured by
passaze through 1/2% thick skirting plate but were considerably yawed.
In addition, the cap was always removed from the APC ghot. Surprisingly,
tha YUMM AP shot were found to be readily fractured by passage through
1/2" thick skirting plate. Since the 57TMM shot were not fractured,
paraellel plate arrangements were found to be worse than tue basic armor
since the shot were yawed in the direction of lower obliquity against
the main armor. Oppositely sloped spaced armor arrangements are indicated
for cases where the shot cannot be fractured by the skirting plate.

Since the 9UMM AP shot was broken by the skirting plate, both parallel
and non-parallel placement of the skirting plate were equally effective
in degrading this shot. The QUMM APC shot was not readily fractured by
skirting armor, but ite performance was degraded against the target condi-
tions shown i1n Table I1I hecause, once its cap was removed, it behaved
eseentxally the same as monobloc shot, and the target conditions chosen,
nanely 30 and 40° obliquity, are those where monobloc shot are less
effective than capped shot.
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Tungsten carbide cored projectiles may be seriocusly degraded by
spaced armor arrangements since the very brittle core may be rather easily
fractured by skirting plates. Once the core is fractured prior to impact

against the main armor, the HVAP type of shot is rendered comparatively
ineffective.

It is essential that spaced armor arrangements to defeat kinetic
energy projectiles be very carefully chosen, because it is entirely
possible that some arrangments cause the projectile tr penetrate far more
efficiently than it would against the main armor alone.

Spaced armor arrangenents can readily be designed to fracture capped .:.+
shot. This can be done oy using two skirting plates separated from each -8
other. The first skirting plate removee the cap and the second fractures !;rq
the shot. The test described in Table III, where the 9OMM APC 750 was sk
fired against two 1/2" thick plates parallel to and separated from each et
other and the main plate (3% at 55°) by 8" of epace shows what can be I
done with thie type of plate arrangement. This arrangement could not -%;{:
be defeated even at point blank range, whereas 4" armor at 55° obliquity Lo
can be defeated by the same projectile at ranges up to 600 yards and 3" E:::

armor at 55° at ranges up to 1600 yards.

Performance of Themical Energy Projectiles
Againet Complex Armor Targets

Since the HEP shell Aefeats arzor by the application of a severe
shock which induces stress waves of high magnitude, it is obvious that
the best way to cope witl the attack of this type of ammunition is to
prevent the shock wave from getting started in the armor. It does not
help much to increase the thickness of the plate since large increases
in thickness are required to defeat HEP shell. The Bri*irh have Aove
an extemsive amount of firing of HEP shell against spaced armor struc-
tures and have found that they could be readily defeated by spaced armor
combination, by rubber pads placed bBetween armor sandwiches, etc. The
skirting plate of spaced armor arranzements designed to defeat HEP shell
must be supported well enough to prevent contact with the main armor during
detonation of the shell, since then the shock wave will be transmitted
to the main armor.
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Table IV contains some data recently obtained at Aberdeen Proving
Ground on the performance of the 105MN HEP TS1E1] shell against 3" armor

at 55° and then against a spaced armor gombination consisting of a 1/2* }:ij
plate 8" in frcnt of the 3* armor at 55 This shsll can normally defeat pe=—=
5% plate at thie obliquity. Its inability to defeat a spacel armor 00T
combination coneisting of a total of 3-1/2" thickness of steel indicates o
how greatly this type of shell can e degraded by spaced armor. T
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There has beer extensive work on the deveiopment of defense against
HEAT shell. This type of ammunition can penetrate such a great thickness
of solid steel that other means must be found to defend sgainst it. Since
it was opparent that low density materials offered better protection
against HEAT shell for a glven weight of material, a considerable amount
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of effort was exvended during World War II in developing low density L
materials for this purpose. The best low density material developed was e
HCR-2 which conslsts of a mixture of quartz gravel in a mastic base of E?r
75% asphalt and 25% wood flour. This material when placed behind a thin P
steel plate and attached to the main armor of vehicles was found to give n
mich better protection against HEAT shell than a similar welght of steel }:?
or other materials with the exception of soclid or laminated glass. T
e

Another type of defense against the HEAT round was provided by b
fixing 7" to 8" long closely sprced steel spikes to the surface of the bl
main armor; the function of the spikes belng to break up the cone before tff
initietion nf the jet. Spiked armor structures have been found to be S
effective against several mcdels of HEAT rounds. T
More recent develoom~nts sponsored by the Detroit Arsenal show E:;

that an arrangement of parallel angle irons, made of armor steel, placed s
on the surface of the main armor offer considerably increased protection, b
varticularly at high angles of attack, against both HEAT and HEP shell. N
Although these angle irons did not defeat all the HEAT shell fired at ﬁ(ﬁ

them, they wers effective in significantly reducing the probability
of a perforation when hit by a HEAT shell.

*
It vas found during World War 1I that spin stabilized HEAT shell g
could be fairly readily defeated by spaced armor due to the degrading -
effect of the spin, particulariy when the steandoff was increased by F*}:
the spaced armor. More recent tests have shown that spins even as low W
as 10 rev./sec. result in a 20% decrease in penetration performance -
of 105MM HEAT shell against a spacei armor target consisting of a 3/4* :¢:a
plate 12" in front of the main armor. This 20% decrease represented P
degradation in performance of the swe round compared to its performance }jy
against the same target when the shell was not rotated. »}}i
i—._._.
Very recently, tests of the 3.5" HEAT M28 rocket and the 9OMM b
KEAT T108220 shell have been conducted against spaced armor targets. NN
The basic armor consisted of U" plate at 40° obliquity; firings were iﬁ}.
first conducted st this target, then at spaced armor targets consisting Q:{?
of a 1/2% thick plate parallel to and 8" in front of the main armor. o
In one case a 3" plate was placed behind the 4" armor, with 1/U* thick -
plates stacked behind the 3" plate in order to measure the residual pene- er
trations, but in all other cases, # series of 1/U" thick plates were S
stacked directly behind the main armor for this purpose. yen
S
.‘- -
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Figure 7 tabulates the data resulting from the tests described

above. Starting at the lefthand end of the chart, 14 rovnds of the
3.5" rocket were fired against 4" armor at 40° obliquit;. ZEleven

AR
RS .*r [,r,' ,'
N R

rounds completely perforated the 4" plate and achieved residual pene- ;:f
trations of 3" to 3-5/8" into the 3" and 1/U¥ thick plates behind the 3%}
4* plate. Three rounds appeared to produce low order detonations; the Ry
L" target, however, was perforated, but relatively little residual R

penetration into the 3" back-up plate was achieved.

il
f;

{4
Nineteen rounds of the 3.5" rocket were then fired at spaced armor 5*:
consisting of the 1/2" skirting plate parallel to and 8" in front of ﬁ:y
the 4" plate. Of these nineteen rounds, four failed to perforate the g
4" main armor, three perforated the 4* main armor but had no residual L~
penetration ability, three more perforated, but had residual penetration o
abilities of less than 1", three achieved residual penetrations of 1 Lii
to 1-1/2" in depth, and the remaining six rounds achieved the same residual t{ﬁ
penetrations as were obtained against the solid armor target. 'éﬁ
3
The performance of the 9OMM HEAT T108E20 was found to be ve i

variable against a simple armor target consisting of 4" plate at
obliquity. Of ten rounds fired, all perforated the target, but the
residual penetrations varied from 2% to 5-3/8". ‘hen tested against
spaced armor with 8" spacing, two rounds of eight 90MM T108E20 shell
fired failed to defeat the target. JFour rounds perforated the target
and achieved residual penetrations of the same order of magnitude as
were obtained against the solid armor target, while two rounds achieved
even higher residual penetrations; 6-1/2" to 7" in depth. This increase

O ACEA p Tt
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in residual penetration probably resulted from*a more efficient standoff S;Q

caused by the 8" spacing. ; 2

A 16" spacing between the skirting armor and the main plate greatly ;:ﬁ
improved the effectiveness of spaced rrmor against the 9OMM HEAT T108320 x

shell. Of ten rounds fired, four were totally defeated, 4 perfnrated ey

but achieved residual penetrations of but 1/4¥ to 1" in depth, while only ;g§q

twvo rounds performed as well as they did against the main armor alone. >

g o

.n_\.x

While the above teats are only elementary in nature, there appears s

good hope that spaced armor combinations may bs devised which will bYe

even more successful against HEAT shell. Spaced armor may be particularly
effective at higher obliquities of attack.

D
’,

Combinations of the main steel armor, low density materials such as

glass, and spaced armor may yet provide real defense against chemical
energy armor-defeating ammunition.
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' In conclusion, the thought shorld be expressed that both types of

armor-defeating ammunition should be orought to the field of battle.

Any decision to adopt one type of the kinetic and chemical energy

emmunition to the exclusion of the other type would greatly simplify

¢ the enemy's armored vehicle design and construction problems. It is

(s possible to devise a reasonadbly simple defense against either tvpe of

W ammunition alone, but the problem of defense against both types together
is an extremely complicated one.
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Penetration Performance of 9OMM AP T33, 90MM APC THO,

and 9OMM HVAP M304 vs Rolledi and Cast Homogeneous
and Face-Rardened Armor

Ballistic Performance of

Armor 90MM AP T33 BOMM APC T§0 OMM HVAP M304
Bal. ax. 2‘Bal. Max.

Thick- Obl.of Lim. QRange Lim. Lim. Range
ness,in. Type BHN* Attack f/s yis  f/s lds /s yds

RE 280 12) 1983 »5000 2216 3975 ===  =ee=
RH 280 2629 2200 2853 1300 3145 1575
RE 280 65 3026 625 3101 350 3543 675
RE 320 600 2645 2150 2195 1550 3246 1350
RE 320 65° 2870 1225 3109 ¢350 3611 525

TN P NS Y TX LT INR B VTV Y TN IR W W IR € A Y

CE 260 hsg 1979 5000  —eem - 2437 3225

CE 260 53 o 2315 3550  e--m e--- 2725 2550

CR 280 55 2313 3550 ---= —=— 2754 2W]5

CH 280 60o 2586 2400 2683 2000 @ —cem  cme-m -

gn 280 65, @ ==-= ==== 3112 325  cccm  w-e- 4

E 280 70 073 B  wmce  mmm sme  ases
—— 550 2059 4725 2248 3825 @ ccee  oeme )
. soo 2505 2125 2635 2115 2903 2125 ;
- 65 2125 2902 1100 33300 (1225

280 30 2821; 4750 2149 U425 Cemem e

- 2875 2831 10  e=—-  o-—-
280 55, 27h2 1750 3010 700 3571 525
280 600 3079 450 33162 ¢125 3638 ¢ W5
320 55, 2719 1850 3138 225 3503 115
320 60, 3075 M50  cecm  —eee 37U ¢ 225
360 60 g?:g 1%;2 3097 315 ‘53680 . 3715
240 60, 2933 1000 33208 Above MV33800 100
280 55, 2620 225C 7 274 1750 a-em oo
280 60, 3007 700 33135 250 m--m  —mmm
280 65, 3129 250

LIRS S e i P IN v dn s Aaid MALIE SUSEINLIALIR il “o 2

320 60, 2947 950 3175 75 3669  W0o
— W e -———- 2391 3200 2868 2225
-= B0  ====  mmes =io=  —e-- 3160 1550
—- By =me= e-ec 2765 1650 53397 ¢1000

-—— 60 2763 1615 3069 45 oo Toeeo
240 ago 2803 1500 2343 3400  ecee ameo
0

C I ICIC - N F S 8 F- - F-F VI WL VIV IR IV VR

B RARRRNSR R CHA R R AR

240 3146 200 2326 85 - wme "

320 ago 2967 8715 2925  —=-= e=e- N

320 3167 100 3177 ¢ 15 === =--- L

* BHN- B-inell Hardness MV - AP, APC - 3200 f/s =

> Oreater than NV - EVAP - 3850 f/e 3

< Less than RE - Rolled homogeneous armor :

CH - Cast homogeneous armor E

t e . . ¢-JB - Jace-hardened armor ~ SN A
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9OMM AP T33  9OMM APC TS50 9OMM EVAP M30h
Max. Bal.” Mex. Bal. Mex.
Range Lim., Range Lim. Range
Type  BHN® yds ff/s  yds £/s yds
CH 2uo 2575 2234 3900 ~--=  —e-a
CE  2W0 1750 2905 1100 =-~=  we—e
FH = . 2850 2394 3175 2819 2325
FH - 1250 2879 1200 3208 1u425
RE 260 > 3214 Above MV 2750 1725 2562 2925
CH 2un 1100 2632 2200 2u87 3100
FE = e ---- 2863 1275 3333 1150
RE 260 - D3182 ¢50 2892 2150
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